Tt has been recognized for many years that pleural effusions occur in association with hydrostatic pulmonary edema. In fact, Osier 1 described the association very well, emphasizing that "hydrothorax is a transudation of simple non-inflammatory fluid into the pleural cavities," secondary to cardiac failure, and he emphasized that pleural effusions in this setting were often not recognized clinically, but "post-mortem records show the frequency with which this condition (transudative pleural effusion) is overlooked." Years later, roentgenographic studies documented the association of pleural effusions and congestive heart failure. 2 In fact, a recent roentgenographic study of 61 patients with congestive heart failure documented a 35 percent incidence of pleural effusions. 3 Interestingly, using ultrasound, a more sensitive technique for detecting pleural effusions, we found a 51 percent incidence of pleural effusions in patients with congestive heart failure. 4 This higher incidence is similar to the 45 percent incidence of pleural effusions reported by Race et al 5 in an autopsy study in 1957 of patients dying from heart failure.
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In addition, a recent retrospective study from our own institution documented that pleural effusions are associated with increased permeability pulmonary edema in 36 percent of patients with the adult respiratory distress syndrome (ARDS). 6 These recent results reflect an increased availability of sensitive techniques (such as ultrasound) for detecting pleural effusions and a growing interest in the relationship of pleural effusions to pulmonary edema. In this review, we will consider briefly the normal physiology and anatomy of the pleural space, and then discuss recent clinical and experimental research that examines the mechanisms of formation and clearance of pleural effusions in relationship to both hydrostatic and in- man. In sheep, the visceral pleura has a variable thickness of 25 to 85 u.m which is similar to humans; also, the visceral pleura in sheep and man is predominantly supplied by the bronchial circulation. 7 In contrast, dogs, cats, and rabbits have a thin visceral pleura supplied by the pulmonary circulation.
The morphologic features of the parietal pleura, however, are remarkably similar in different species, and suggest that the parietal pleura has an important role in the clearance of pleural fluid. The parietal pleura (Fig 1) consists of two layers: a thin lining layer of mesothelial cells and a subjacent layer of loose, irregular connective tissue. The lymphatics, blood vessels, and nerves are 10 to 12 u-m from the pleural space, whereas the visceral pleural microvessels are 18 to 56 Lim from this space. 8 Unlike the visceral pleura, the distribution of the parietal pleural lymphatics is not homogenous. Rather, the parietal pleural lymphatics are primarily located near the sternum and vertebral column. The parietal pleura has mesothelial stomata, which are openings between adjacent mesothelial cells. The stomata lead into the initial lymphatics or lymphatic lacunae (Fig 2) , providing a direct path from the pleural space into the lymphatics of the parietal pleural membrane (Fig l) . 8 The lymphatic lacunae eventually lead into collecting lymphatics that carry lymph toward the parasternal lymph nodes.
Other anatomic features of the parietal pleura suggest that it may be the major source of normal pleural fluid. The parietal pleura is thinner than the visceral pleura and its microcirculation is closer to the pleural space than the microcirculation of the visceral pleural To detect pleural effusions, we used real-time ultrasonography. All patients had ultrasonography within 24 hours of the placement of the pulmonary arterial catheter. Pleural effusions were found by ultrasound in 19 of the 37 patients studied (51 percent) ( Table 2 ).
In the 19 patients with effusions, the pulmonaryarterial wedge pressure (24 ± 1 mm Hg) was significantly elevated (p<0.01) compared to the wedge pressure (17 ±2 mm Hg) in the 18 patients without pleural effusions. Mean pulmonary arterial pressure was also significantly higher in the patients with pleural effusions. The mean right atrial pressure was slightly but not significantly higher in the patients who had pleural effusions (Table 3) . Cardiac output and plasma protein concentration were not different between the groups. There also was a greater likelihood of finding pleural effusions if severe rather than mild pulmonary edema was found roentgenographically 4 These results indicated that left sided heart failure and pulmonary venous hypertension were associated with the presence of pleural effusions in congestive heart failure. 4 However, because we could not exclude right atrial hypertension or pulmonary arterial hypertension as a contributory factor in the pathogenesis of pleural effusions, we recently completed a second study examining patients with normal left ventricular function who had pulmonary arterial hypertension alone, or in association with right atrial hypertension.
We retrospectively examined nine patients who had chronic, stable severe pulmonary arterial hypertension. These patients had been admitted electively to the intensive care unit and had posterior-anterior (PA) chest roentgenograms on the day of admission. Each patient then had a pulmonary arterial catheter placed.
Since none of the nine patients had detectable pleural effusions on their chest roentgenograms, we proceeded to a prospective study of 18 similar patients. These 18 patients also had pulmonary arterial catheters placed as part of their clinical care and had bilateral decubitus chest roentgenograms or a real-time ultrasound examination within 24 hours of line placement to detect pleural effusions. 15 The hemodynamics in these patients revealed severe pulmonary hypertension (50 ±5 mm Hg) and signifi- Moderate to severe left atrial hypertension and pulmonary edema seem to be the critical factors associated with the development of pleural effusions in patients with heart failure. Table 3 summarizes all the data from our studies in patients with left and right heart failure and the relationship to the presence or absence of pleural effusions.
Experimental Studies
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Clinical Implications: Pleural Effusions Associated with Heart Failure
From the clinical studies, we can conclude that chronic pulmonary arterial hypertension alone or in the presence of right atrial hypertension are not associated with pleural effusions. In fact, the presence of pleural effusions in patients with right heart failure should prompt a search for coexistent left heart failure patients with a pulmonary arterial wedge pressure less than 17 mm Hg had effusions (Table 2 ), 4 Overall, the patients with lower pulmonary arterial wedge pressures and less edema on their chest roentgenograms had a much lower incidence of pleural effusions. 4 The pleural space appears to be a major route for the resolution of pulmonary edema, since 40 to 50 percent of the lung edema in the experimental volume overload experiments entered the pleural space. 16 Based on experimental studies, pleural effusions may clear at a maximal rate between .22 to .28 ml/(kg x h).
In a 70 kg person, that would amount to a maximum clearance of 470 ml/day per hemithorax, providing that the left atrial hypertension had been normalized, the pulmonary edema is resolving, and the plasma protein concentration is normal.
Since the development of transudative pleural effusions in patients with heart failure is closely linked to the degree of pulmonary edema, 416 it is worthwhile to compare clearance rates of edema from the lung with clearance rates of pleural effusions. Since pulmonary edema may form in two compartments, the interstitium and the air spaces, the removal rate depends on the location and extent of lung edema.
Interstitial edema can be cleared more rapidly, probably with a half time of three to four hours. This estimate is based on experimental studies where the half time for removal of crystalloid solutions from the lung was three hours in sheep. 22 If alveolar edema is a major component of the pulmonary edema, then the initial clearance rate over four hours will be fast (1 ml/kg/h if 500 ml of excess liquid were present in the air spaces), but later clearance rates will be slower. 23 The alveolar edema is cleared, at least in part, by active sodium transport; 24 ' 26 however, as the alveolar protein concentration rises, the rate of alveolar and lung liquid clearance will slow to approximately 10 to 20 percent of the initial clearance rate. 23 In contrast, pleural fluid clearance rates are constant, probably because the removal is from one compartment and mostly by lymphatics. 18, 19 PATHOPHYSIOLOGY OF EXUDATIVE PLEURAL
EFFUSIONS ASSOCIATED WITH INCREASED PERMEABILITY PULMONARY EDEMA

Clinical Studies
The presence of pleural effusions in patients with the adult respiratory distress syndrome has not been well recognized. In a recent, retrospective study, we reviewed chest roentgenograms of 25 patients with severe permeability pulmonary edema and ARDS, and we found a 36 percent incidence of pleural effusions, compared to a 40 percent incidence of pleural effusions in 15 patients with hydrostatic pulmonary edema. 6 All patients had extensive alveolar pulmonary edema, as indicated by the finding that copious pulmonary edema fluid was obtained from the endotracheal tube in each of these patients and the fluid was used to distinguish hydrostatic from increased permeability pulmonary edema (ARDS). Historic and hemodynamic data supported the separation into hydrostatic and permeability edema. Thus, pleural effusions may occur in association with increased permeability pulmonary edema and with nearly the same frequency that pleural effusions occur in association with hydrostatic pulmonary edema. Further prospective studies will be needed to determine the time course of these pleural effusions.
Experimental Studies
In experimental models of increased permeability edema, pleural effusions were first observed in 1972 after alpha-naphthyl-thiourea-induced lung injury in rats. 27 More recently, we studied the time course and quantity of pleural fluid formed with oleic acidinduced lung injury in both sheep and dogs. The pleura was intact in both of these species. 28 Severe alveolar and interstitial pulmonary edema formed, and after a lag time of one to two hours, large pleural effusions (50 ml/hemithorax) formed. Since a large fraction of the excess lung water is in the air spaces in oleic acid-induced lung injury 29 the interstitial edema may flood the air spaces before it crosses the visceral pleura. Overall, a substantial fraction (35 percent) of the excess lung water collected in the pleural spaces.
It appears, therefore, that the pleura is a major route for excess lung fluid to leave the lung in both increased permeability pulmonary edema 28 and hydrostatic pulmonary edema. 16 
Clinical Implications
Pleural effusions are present in severe increased permeability pulmonary edema, (ARDS), and appear to occur with about the same frequency that pleural effusions are found in severe hydrostatic pulmonary edema. 6 A critical amount of interstitial edema may be necessary for pleural fluid formation in both hydrostatic and nonhydrostatic edema.
Recently, we treated a patient with overwhelming patient died after eight hours, in spite of mechanical ventilation, antibiotics, and vasopressor therapy. At autopsy, he had gross pulmonary edema, and he had large sterile pleural effusions (500 and 300 ml), that were exudative. The protein concentration of the pleural effusions was 60 percent of the protein concentration of the patient's plasma; this is the same protein ratio we reported in sheep that had oleic acid-induced pulmonary edema. 28 
CONCLUSIONS
Pleural effusions are associated with both hydrostatic and increased permeability pulmonary edema. The incidence of pleural effusions appears to be similar in patients with severe hydrostatic pulmonary edema and in patients with the adult respiratory distress syndrome. The pleural effusions appear to form when a critical level of interstitial pulmonary edema is reached. In increased permeability pulmonary edema, this may take longer since relatively more alveolar edema occurs, especially if the alveolar barrier is 
